Numerous studies show that various genes in all kinds of organisms are transcribed 22 discontinuously, i.e. in short bursts or pulses with periods of inactivity between them. But it 2 23 remains unclear whether ribosomal DNA (rDNA), represented by multiple copies in every cell, is 24 also expressed in such manner. In this work, we synchronized the pol I activity in the populations 25 of tumour derived as well as normal human cells by cold block and release. Then using special 26 software for analysis of the microscopic images, we measured the intensity of transcription signal 27 revealed by incorporated 5-fluorouridine (FU) in the nucleoli at different time points after the 28 release. We found that the ribosomal genes in the human cells are transcribed discontinuously with 29 periods ranging from 45 min to 75 min. Our data indicate that the dynamics of rDNA transcription 30 follows the undulating pattern, in which the bursts are alternated by periods of rare transcription 31 events. 32 33 Keywords: nucleoli, rDNA, FC/DFC units, discontinuous transcription, bursting 34 35 Introduction 36 Numerous studies show that genes in all kinds of organisms, from prokaryotes to mammals, 37 can be transcribed in short bursts or pulses alternated by periods of silence (reviewed in Smirnov 38 et al. [1]) The probability of such mode of expression was suggested long ago;[2] now it seems that 39 the discontinuous transcription is a common feature of the gene expression, at least in mammalian 40 cells.[3-12] The periodical switches of the promoter between the active and "refractory" states may 41 be crucial in the efficient regulation of the gene expression.[13-17] General considerations suggest 42 even more significant role of the phenomenon in the dynamic organization of the cell, since the 43 pulsing mode of one process is likely to be a cause and a consequence of pulsing in other processes.
6 115 adenine hydrochloride and 10 ng/ml cholera toxin (Sigma-Aldrich, Darmstadt, Germany)]. The 116 culture media were changed every 2 -3 days until the cells were 90-100% confluent (after 2-4 117 weeks).
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HeLa cells were cultivated at 37°C in Dulbecco modified Eagle's medium ( 
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In the control the incorporated FU is accumulated predominantly in the FC/DFC units of 160 the nucleoli (Fig 1) . The transcription signal in the nucleoplasm is of much lower intensity. After 232
The same experimental procedure was applied to the LECs (Fig 5) . In this case the first two 233 cycles were more pronounced and the difference between control and experiment was more 234 significant (compare Fig 5 and Fig 4) . Otherwise, the dynamics of the transcription activity after 235 the cold treatment proved to be similar in the studied cell lines. In the LECs, the periodogram had 236 a more distinct peak at 60 min, but the synchronization also did not last longer than 150 min. CV 237 was 0.29, i.e. slightly higher than in HeLa cells. It seems worth mentioning that our attempt to 238 synchronize the transcription in human fibroblasts failed, for only a few of these cells recovered 239 quickly enough after by the cold treatment. ) showed an approximately threefold increase of the signal intensity 275 that between 15 min and 30 min (Fig 7) . But the transcription signal never disappeared from the 276 cells completely, so that the average number of the FU-positive FC/DFC units did not change 277 significantly (Fig 7B, right histogram) . In our experiments, when the human derived cells were incubated at +4 o C, transcription in 290 their nuclei seemed to be arrested completely (Figs 1 and 7) . At the same time the pol I signal in 291 the FC/DFC units of the nucleoli was significantly reduced (Figs 2 and 3) , whereas the amount of 292 fibrillarin, which is an essential component of the early rRNA processing, did not change 293 significantly (Fig 2) . On the other hand, previous studies, including our own, indicate that the Additionally, our method of synchronization allowed us to obtain averaged data concerning 322 the fluctuations in the nucleoplasmic genes, since their expression was also inhibited by the cold 323 treatment. After this procedure, the total transcription signal in the nucleoplasm showed symptoms 324 of fluctuations with two discernible, though not very distinct, peaks (Fig 6) . Evaluating these 325 results, we have to keep in mind that various nucleoplasmic genes in the same cell display a wide 326 range of transcriptional kinetic behavior (reviewed in Smirnov et al. [1] ).[4, 10, 55, 56] Moreover, 327 some of these genes are expressed in typical bursts with long periods of silence, during which they 328 cannot be detected by FU incorporation. We should also mention that the status of the 329 nucleoplasmic RNA polymerases at the low temperature was not examined in our experiments, and 330 thus we do not know how efficiently the transcription was synchronized. Nevertheless, the presence 331 of two significant peaks on the periodograms (Fig 6) suggests that numerous genes in the 332 nucleoplasm were transcribed in a pulse-like manner with periods close to 15 min and 75 min. 
